
(19) 
Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  2 1 2   4 9 9  

A 2  

05)  EUROPEAN  PATENT  A P P L I C A T I O N  

(£9  Application  number:  86110992.4  ©  Int.  CI.4:  G06F  9 / 4 4  

©  Date  of  filing:  08.0&86 

©  Priority:  08.08.85  JP  175117/85  ©  Applicant:  NEC  CORPORATION 
20.1Z85  JP  288788/85  33-1,  Shiba  5-chome,  Minato-ku 

Tokyo  108(JP) 
©  Date  of  publication  of  application: 

04.03.87  Bulletin  87/10  ©  Inventor:  Nomura,  Masahiro 
c/o  NEC  Corporation  33-1,  Shiba  5-chome 

©  Designated  Contracting  States:  Minato-ku  Tokyo(JP) 
DE  FR  GB  Inventor:  Maehashi,  Yukio 

c/o  NEC  Corporation  33-1,  Shiba  5-chome 
Minato-ku  Tokyo(JP) 

©  Representative:  Glawe,  Delfs,  Moll  &  Partner 
Patentanwalte 
Postfach  26  01  62  Liebherrstrasse  20 
O-8000  Miinchen  26(DE) 

s£)  Information  processing  apparatus  having  a  general  purpose  processor  and  a  special  purpose 
processor. 

(57)  An  information  processing  apparatus  with  a  dual 
processor  system  contains  a  general  purpose  pro- 
cessor  for  processing  a  required  program  and  a 
special  purpose  processor  for  processing  a  specific 
operation  in  the  required  program.  The  special  pur- 
pose  processor  is  designed  according  to  a  data  flow 
architecture  and  executes  a  task  according  to  a 
token  prepared  by  the  general  purpose  processor, 
the  token  having  a  sequence  control  information  and 
a  data  to  be  processed. 
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INFORMATION  PROCESSING  APPARATUS  HAVING  A  GENERAL  PURPOSE  PROCESSOR  AND  A  SPECIAL 
PURPOSE  PROCESSOR 

Background  of  the  Invention 

The  present  invention  relates  to  an  information 
processing  apparatus  of  a  dual  processor  system 
naving  a  general  purpose  orocessor  and  a  special 
purpose  processor. 

Description  of  the  Prior  Art 

With  the  development  in  semiconductor  tech- 
nique  and  system  architecture  technique,  micro- 
computers  have  made  a  remarkable  progress  in 
recent  years  in  both  function  and  performance,  and 
some  of  such  microcomputers  are  comparable  to 
conventional  so-called  "mini-computers".  Micro- 
computers  includes  a  general  purpose  processor 
which  is  designed  according  to  standard  micro- 
computer  architecture  and  used  in  many  applica- 
tion  fields.  However,  in  some  application  fieids 
which  requires  a  high-speed  operation  or  a  real 
time  operation,  such  as  engine  control  of  a  vehicle, 
motor  control  of  a  robot  and  numerical  control,  it  is 
difficult  to  process  a  required  complex  program  by 
using  only  a  single  general  purpose  processor. 
Therefore,  in  those  fields,  a  dual  processor  system 
is  usually  employed,  wherein  the  general  purpose 
processor  is  used  as  a  host  processor  to  control  a 
processing  sequence  or  a  processing  flow  of  a 
system.  However,  a  specific  processing  is  usually 
required  in  the  system.  Numeric  processing,  trans- 
action  processing  and  data  transmission  process- 
ing  are  enumerated  as  the  specific  processing. 
Further,  the  specific  processing  must  be  performed 
at  high  speed  in  real  time  operation.  In  addition,  a 
large  amount  of  data  is  to  be  manipulated  in  the 
specific  processing.  Therefore,  the  special  purpose 
processor  is  used  to  perform  the  specific  process- 
ing  in  a  required  program.  A  numeric  processor  or 
an  I/O  processor  is  known  as  the  special  purpose 
processor  and  is  used  as  a  co-processor  or  a 
slave-processor  in  the  dual  processor  system.  The 
conventional  special  purpose  processors  are  all 
designed  according  to  the  von  Neumann  architec- 
ture.  That  is,  the  special-purpose  co-processor  or 
slave-processor  is  basically  similar  to  the  general 
purpose  processor.  The  special  purpose  processor 
is  different  from  the  general  purpose  processor 
only  in  an  arithmetic  operation  function  or  in  an 
input-output  function.  For  instance,  one  of  the  spe- 
cial  purpose  processors  is  designed  so  as  to  be 
applied  to  an  arithmetic  operation  of  variable  bit 
length.  In  this  case,  an  arithmetic  logic  unit  (ALU) 

with  a  long  bit  length  is  employed.  Further,  the 
other  special  purpose  processor  contains  two  ALUs 
for  executing  a  floating-point  operation.  However, 
these  processors  require  a  long  period  of  time  to 

5  perform  the  above-mentioned  specific  processing, 
with  the  operating  timing  different  from  that  of  the 
general  purpose  processor.  Therefore,  the  general 
purpose  processor  must  always  supervise  the  op- 
eration  of  the  special  purpose  processor,  so  that 

io  the  general  purpose  processor  can  not  execute  the 
required  program  when  the  special  purpose  pro- 
cessor  is  executing  the  specific  processing. 

Further,  the  special  purpose  processor  is  ba- 
sically  designed  according  to  the  stored  program 

75  architecture  as  described  above  and  the  required 
specific  processing  can  not  be  enabled  until  all  of 
the  data  to  be  processed  are  entered  into  the 
special  purpose  processor.  For  example,  if  A  x  B 
+  C  x  D  is  to  be  executed  as  the  specific  process- 

20  ing,  the  special  purpose  processor  can  not  start  the 
calculation  until  all  the  four  data,  A,  B,  C  and  D  are 
entered  thereinto.  If  the  data  C  and  D  are  entered 
into  the  special  purpose  processor  earlier  than  the 
entry  of  the  data  A  and  B,  the  calculation  can  not 

25  be  started  until  both  the  data  A  and  B  are  entered. 
These  data  A,  B,  C  and  D  are  entered  into  the 
special  purpose  processor  under  the  control  of  the 
general  purpose  processor.  Therefore,  the  queuing 
time  in  the  special  purpose  processor  becomes 

30  long,  so  that  the  performance  of  the  special  pur- 
pose  processor  is  reduced. 

Furthermore,  the  special  purpose  processor  re- 
quires  a  complex  ALU  with  a  large  size  and  there- 
fore  can  not  be  formed  on  the  same  chip  of  the 

35  general  purpose  processor.  As  a  result,  the  con- 
ventional  dual  processor  system  includes  separate 
chips  of  the  special  purpose  processor  and  the 
general  purpose  processor.  Further,  the  two  chips 
are  associated  by  means  of  a  connection  whose 

40  dimensions  "are  by  no  means  negligible  as  com- 
pared  with  the  size  of  the  two  chips  and  associat- 
ing  them  militates  against  satisfying  the  criterion  of 
small  size. 

Moreover,  where  a  high-level  processor  is  used 
45  as  the  special  purpose  processor  in  which  a  pro- 

gram  of  the  specific  processing  can  be  performed 
by  itself,  a  complex  interface  circuit  is  required  to 
arbitrate  a  bus  coupling  between  the  general  pur- 
pose  processor  and  the  special  purpose  processor. 

50  It  is  therefore  an  object  of  the  present  invention 
to  provide  an  information  processing  apparatus 
having  a  general  purpose  processor  and  a  special 
purpose  processor,  in  which  a  timing  control  can 
be  simplified. 

2 
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Miiuuier  uujeci  oi  me  present  invention  is  to 
provide  an  information  processing  apparatus 
wherein  both  a  general  purpose  processor  and  the 
special  purpose  processor  can  be  formed  on  a 
single  semiconductor  chip. 

Further  other  object  of  the  present  invention  is 
to  provide  an  information  processing  apparatus  of  a 
dual  processor  system  suitable  for  a  high-speed 
operation  or  a  real  time  operation. 

Still  another  object  of  the  present  invention  is 
to  provide  an  improved  special  purpose  processor 
which  can  be  used  as  co-processor  or  slave  pro- 
cessor. 

summary  or  ine  invention 

An  information  processing  apparatus  of  the 
Dresent  invention  has  a  general  purpose  processor 
and  a  special  purpose  processor,  characterized  in 
rhat  a  data  flow  processor  is  used  as  the  special 
Durpose  processor  and  is  designed  according  to 
Dipeline  control  architecture  with  a  token  ring  bus. 
The  general  purpose  processor  prepares  a  plurality 
3f  token,  each  token  having  a  sequence  control 
nformation  and  a  data  to  be  processed,  and  sup- 
Dlies  each  token  to  the  data  flow  processor  as  a 
:o-processor  or  a  slave-processor  in  a  random 
jrder  through  a  bus  coupling  the  general  purpose 
Drocessor  to  the  data  flow  processor.  The  data  flow 
Drocessor  handles  data  inputted  in  a  random  and 
jnscheduled  manner  on  the  basis  of  the  sequence 
:ontrol  information  of  the  supplied  token  according 
:o  the  data  flow  sequence.  The  data  flow  processor 
executes  a  required  special  processing  asynchro- 
ious  with  the  operation  of  the  general  purpose 
jrocessor,  so  that  the  general  purpose  processor 
leed  not  supervise  the  processing  status  of  the 
special  purpose  processor  and  may  execute  a  giv- 
sn  program  in  parallel  with  the  special  processing 
n  the  data  flow  processor. 

The  data  flow  processor  as  the  special  purpose 
)rocessor  sends  a  data  transfer  request  signal  to 
he  general  purpose  processor  after  the  special 
)rocessing  has  been  terminated  and  sends  the 
esult  of  the  special  processing  to  the  general 
)urpose  processor  in  response  to  a  data  transfer 
icknowledge  signal  which  is  returned  from  the  gen- 
sral  purpose  processor. 

According  to  the  present  invention,  the  general 
>urpose  processor  can  operate  the  program  in- 
iependent  of  the  special  processing  when  the  spe- 
:ial  purpose  processor  executes  the  special  pro- 
:essing.  Further,  the  general  purpose  processor 
:an  randomly  supply  unscheduled  tokens  to  the 
ipecial  purpose  processor.  Thus,  a  queuing  time  of 
lata  to  be  processed  can  be  remarkably  reduced. 

The  data  flow  processor  of  the  present  inven- 
tion  is  featured  in  that  the  data  and  the  sequence 
control  information  contained  in  each  token  are 
separately  stored  in  different  first  and  second 

5  memories,  respectively.  The  first  memory  is  used 
to  store  the  data  only,  while  the  second  memory  is 
used  to  store  the  sequence  control  information 
only.  Further,  the  first  memory  contains  two  stor- 
age  areas;  that  is,  a  source  data  area  and  a  des- 

jo  tination  data  area.  A  pair  of  a  source  data  and  a 
destination  data  is  required  to  execute  a  dyadic 
operation.  The  first  memory  further  has  a  first  flag 
portion,  while  the  second  memory  has  a  second 
flag  portion.  The  first  flag  portion  stores  "1  "  when 

75  the  corresponding  source  data  is  stored  in  the 
source  data  area,  while  the  second  flag  portion 
stores  "1  "  when  the  corresponding  destination  data 
is  stored  in  the  destination  data  area.  The  data  of 
each  token  is  classified  and  stored  in  either  the 

20  source  data  area  or  the  destination  data  area  ac- 
cording  to  a  source/destination  designating  bit  in- 
cluded  in  the  sequence  control  information  in  each 
token.  Thus  the  first  memory  is  used  as  a  queue 
memory.  When  both  the  source  flag  portion  and 

?5  the  destination  flag  portion  are  "1  ",  the  source  data 
and  the  destination  data  are  simultaneously  read 
out  from  the  same  address.  When  either  the  source 
flag  portion  or  the  destination  flag  portion  is  "0", 
the  first  memory  does  not  perform  a  read  opera- 

)0  tion.  Thus,  even  if  data  are  randomly  entered  into 
the  special  purpose  processor,  the  dyadic  opera- 
tion  is  accurately  executed  according  to  the  source 
and  destination  flag  bits. 

Moreover,  an  interface  control  between  the 
is  general  purpose  processor  and  the  special  purpose 

processor  is  simplified  and  is  performed  without 
any  complex  hardware  means.  Further  the  special 
purpose  processor  requeres  neither  complex 
arithmetic  means  nor  complex  input/output  means. 

to  Therefore,  the  special  purpose  processor  can  be 
easily  formed  on  the  same  chip  as  the  general 
purpose  processor  chip. 

5  Brief  Description  of  the  Drawings 

Fig.  1  is  a  block  diagram  of  a  conventional 
single  chip  microcomputer. 

Fig.  2  is  a  block  diagram  of  a  conventional 
o  dual  processor  system  which  includes  a  general 

purpose  processor  and  a  special  purpose  proces- 
sor. 

Fig.  3  is  a  block  diagram  of  another  conven- 
tional  dual  processor  system. 

5  Fig.  4  is  a  block  diagram  of  a  dual  processor 
system  according  to  an  embodiment  of  the  present 
invention. 
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Fig.  5  is  an  internal  block  diagram  of  a 
special  purpose  processor  (SPP)  of  Fig.  4. 

Fig.  6  is  an  internal  block  diagram  of  a 
general  purpose  processor  (GPP)  of  Fig.  4. 

Fig.  7  illustrates  a  token  flow  in  the  special 
purpose  processor  shown  in  Fig.  5. 

Fig.  8  is  a  block  diagram  of  an  input  inter- 
face  unit  (IU)  in  the  special  purpose  processor 
shown  in  Fig.  5. 

Fig.  9  is  a  block  diagram  of  an  address 
calculation  unit  (ACU)  in  the  special  purpose  pro- 
cessor  of  Fig.  5. 

Fig.  10  is  a  block  diagram  of  a  task  queue 
memory  (TRQ)  in  the  special  purpose  processor  of 
Fig.  5. 

Fig.  11  is  a  block  diagram  of  a  data  latch 
memory  (DLM)  in  the  special  purpose  processor  of 
Fig.  5. 

Fig.  12  is  a  block  diagram  of  a  task  se- 
quence  control  unit  (TSCU)  in  the  special  purpose 
processor  of  Fig.  5. 

Fig.  13  is  a  block  diagram  of  an  execution 
unit  (EXU)  in  the  special  purpose  processor  of  Fig. 
5. 

Fig.  14  is  a  block  diagram  of  a  data  transfer 
unit  (DTU)  in  the  special  purpose  processor  of  Fig. 
5. 

Fig.  15  illustrates  an  interface  between  the 
general  purpose  processor  (GPP)  and  the  special 
purpose  processor  (SPP)  in  the  embodiment  of  the 
invention. 

Fig.  16  is  a  timing  chart  in  operation  of  the 
system  shown  in  Fig.  15. 

Fig.  17  is  an  internal  block  diagram  of  a 
special  purpose  processor  according  to  another 
embodiment  of  the  present  invention. 

Description  of  the  Prior  Art 

Referring  to  Fig.  1,  a  conventional  single-chip 
microcomputer  A  comprises  a  central  processing 
unit  (CPU)  100,  a  peripheral  I/O  control  circuit  101, 
a  program  memory  (ROM)  102,  a  data  memory  - 
(RAM)  103  and  an  internal  bus  104.  The  CPU  100 
includes  a  program  counter  100-1  (hereinafter 
called  "PC"),  a  program  status  word  register  - 
(hereinafter  called  "PSW")  100-2,  a  general  pur- 
pose  register  set  100-3  and  an  interrupt  control 
circuit  100-4.  The  interrupt  control  circuit  100-4 
accepts  an  interrupt  request  signal  101-1  from  the 
peripheral  I/O  control  circuit  101  and  controls  the 
interrupt  processing  of  the  CPU  100.  The  program 
memory  102  stores  an  interrupt  execution  com- 
mand  and  commands  for  a  required  program  and 
the  data  memory  103  stores  data.  They  are  con- 
nected  to  each  other  by  the  internal  bus  104  which 

is  coupled  to  an  external  bus  105.  The  CPU  100 
reads  out  commands  from  the  program  nr.sT.c'y 
102  whose  addresses  are  designated  by  trts  PC. 
and  sequentially  executes  the  commands. 

s  In  the  actual  control,  the  input  portion  101-1  of 
the  peripheral  I/O  control  circuit  101  is  coupled  to 
various  sensors,  while  its  output  portion  101-2  is 
coupled  to  a  utilization  device  such  as  a  driving 
circuit  for  a  motor. 

70  When  data  is  inputted  from  the  various  sensors 
to  the  peripheral  I/O  101,  the  peripheral  I/O  101 
informs  the  interrupt  control  circuit  100-4  of  the 
occurrence  of  interruption  by  sending  the  interrupt 
request  signal  101-1.  Upon  receiving  the  interrupt 

75  request  signal,  the  CPU  100  shelters  the  concur- 
rent  contents  of  PC  100-1,  PSW  100-2  and  the 
general  purpose  register  set  100-3  to  a  stack  area  - 
(not  shown)  and  executes  the  specific  processing 
corresponding  to  the  interruption.  In  accordance 

20  with  the  interruption  processing  program,  the  CPU 
100  receives  the  data  to  be  processed  from  the 
peripheral  I/O  control  circuit  101,  calculates  the 
received  data  and  outputs  the  result  of  calculation 
to  the  peripheral  I/O  101.  After  the  specific  pro- 

25  cessing  is  completed,  the  CPU  100  returns  the 
contents  of  the  stack  area  into  PC  100-1,  PSW 
100-2  and  the  general  purpose  register  set  100-3, 
respectively,  and  restarts  the  main  routine. 

Where  the  conventional  single-chip  microcom- 
30  puter  is  applied  to  a  field  in  wnich  many  specific 

processings  are  required,  each  specific  processing- 
(the  input/output  processing  and  calculation  pro- 
cessing)must  be  executed  under  the  interruption 
operation.  Particularly,  in  the  case  of  the  "high 

35  end"  application,  field,  these  specific  processings 
must  be  executed  at  a  high  speed  or  as  a  real  time 
operation  and  a  large  amount  of  data  must  be 
processed. 

In  the  conventional  single-chip  microcom- 
40  puters,  however,  the  data  input/output  processing 

and  the  numeric  calculation  processing  must  be 
executed  in  a  sequence  upon  receiving  the  inter- 
rupt  request,  and  it  has  been  extremely  difficult  to 
accomplish  input/output  processing  of  large  amount 

45  of  data  and  high  speed  calculation  processing.  In 
addition,  the  conventional  method  which  actuates 
the  specific  processing  by  the  interruption  from  the 
peripheral  I/O  unit  will  encounter  the  problem  that 
the  overhead  such  as  the  time  required  for  the 

so  shelter  and  return  of  the  PC  and  PSW  increases, 
so  that  the  processing  speed  becomes  down. 

To  solve  these  problems,  a  dual  processor 
system  using  a  general  purpose  processor  chip 
and  a  special  purpose  processor  chip  has  been 

55  proposed.  The  numeric  processing  can  be  execut- 
ed  in  the  special  purpose  processor.  Since  this 
system  has  two  processors,  the  load  to  each  pro- 
cessor  chip  is  reduced.  The  function  of  each  pro- 

4 
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cessor  is  clearly  divided,  and  the  efficiency  of 
parallel  processing  is  improved  thereby  to  dras- 
tically  improve  the  performance  of  the  system  as  a 
whole. 

Referring  to  Fig.  2,  the  dual  chip  processor 
system  has  a  general  purpose  processor  chip  - 
(GPP)  200  and  the  special  purpose  processor  chip 
(SPP)  201  which  are  coupled  to  a  common  mem- 
ory  202  containing  a  program  and  data  via  a  com- 
mon  external  bus  203.  They  receive  simultaneously 
the  same  instruction  from  the  memory  202  and 
decode  it,  respectively.  If  the  instruction  is  to  be 
used  in  the  GPP  200,  the  general  purpose  proces- 
sor  200  executes  the  instruction,  while  the  SPP  201 
cancels  the  instruction  and  enters  a  wait  state.  On 
the  other  hand,  if  it  is  to  be  used  in  the  specific 
purpose  processor  chip  201.  the  processor  201 
informs  the  general  purpose  processor  200  of  the 
start  of  the  specific  processing  by  activating  a 
signal  201-1  and  thereafter  executes  the  specific 
processing  according  to  the  instruction.  During  the 
specific  processing,  the  SPP  201  uses  the  com- 
mon  bus  203  to  access  the  memory  202  for  data 
read  out  from  the  memory  202  or  data  written  into 
the  memory  202  after  sending  a  bus  request  signal 
201-2  to  the  GPP  200  and  receiving  a  bus  grant 
signal  201-3  returned  from  the  GPP  200. 

As  described  above  the  conventional  dual  pro- 
cessor  system  shown  in  Fig.  2  can  execute  the 
general  processing  and  the  specific  processing  in 
the  two  processor  chips,  respectively.  However, 
since  each  instruction  must  be  decoded  simulta- 
neously  by  the  two  processors,  either  processor 
cannot  decode  the  instruction  earlier  than  the  other 
processor.  This  forces  one  processor  to  wait  until 
the  other  processor  terminates  the  concurrent  pro- 
cessing.  The  general  purpose  processor  200 
checks  the  signal  201-1  from  the  special  purpose 
processor  201  and  if  the  special  purpose  processor 
201  is  executing  the  special  processing,  it  enters 
necessarily  the  waiting  state.  Accordingly,  even  if 
the  processing  capacity  of  each  processor  is  high, 
a  parallel  processing  is  not  performed. 

Fig.  3  shows  an  improved  dual  processor  sys- 
tem  in  which  the  general  purpose  processor  (GPP) 
200  and  the  special  purpose  processor  (SPP)  201 
have  their  local  memories  204,  205  connected  to 
local  buses  206,  207,  respectively,  and  when  the 
data  exchange  is  to  be  made  between  both  proces- 
sors,  they  make  access  to  the  common  memory 
202  connected  to  the  common  bus  203  through  a 
bus  control  unit  208.  Both  processors  200  and  201 
orginarily  execute  the  instruction  by  use  of  their 
own  local  buses  206,  207  and  local  memories  204, 
205,  and  each  processor  makes  access  to  the 
common  memory  202  when  the  general  purpose 

processor  200  delivers  the  data  to  be  calculated  to 
the  special  purpose  processor  201  or  when  the 
special  purpose  processor  201  delivers  the  calcula- 
tion  result  to  the  general  purpose  processor  200. 

5  Assuming  that  the  general  purpose  processor 
200  writes  the  data  into  the  common  memory  202, 
the  bus  control  unit  208  first  receives  the  address 
information  from  the  general  purpose  processor 
200  and  judges  whether  the  memory  to  which 

w  access  is  made  is  the  local  memory  204  or  the 
common  memory  202.  When  the  address  is  that  of 
the  common  memory  202,  competition  of  the  spe- 
cial  purpose  processor  201  and  the  common  bus 
203  is  checked.  It  the  special  purpose  processor 

T5  acquires  the  common  bus  203  at  that  time  with 
reading  out  the  data  from  the  common  memory 
202  and  writing  the  data  into  the  common  memory 
202,  the  bus  control  unit  208  makes  active  the  bus 
hold  signal  208-1  to  the  general  purpose  processor 

20  200  and  keeps  the  disconnection  between  the  local 
bus  206  and  the  common  bus  203.  The  general 
purpose  processor  200  checks  the  bus  hold  signal 
208-1  at  a  predetermined  time  interval  and  contin- 
ues  the  waiting  state  until  the  signal  becomes 

25  inactive.  When  the  common  bus  203  is  not  used, 
the  bus  control  unit  208  connects  the  local  bus  206 
to  the  common  bus  203  and  the  general  purpose 
processor  200  can  write  the  data  into  the  common 
memory  202  through  the  common  bus  203. 

30  In  this  manner,  the  two  processors  shown  in 
Fig.  3  can  independently  operate  except  for  the 
period  of  access  to  the  common  memory  and  the 
system  '  allows  the  parallel  processing.  However, 
this  system  has  many  drawbacks.  The  system  it- 

35  self  is  large  in  scale  and  a  specific  hardware  such 
as  the  bus  control  unit  208  is  necessary  for  control- 
ling  the  common  bus.  Since  the  bus  control  unit 
208  always  judges  the  address  every  time  the 
access  is  made  to  the  memory,  the  access  speed 

40  is  low.  Since  data  communication  between  the  pro- 
cessors  is  made  through  an  external  common  bus 
203,  a  large  quantity  of  power  is  necessary  for 
driving  the  external  common  bus.  In  addition,  when 
the  data  communication  quantity  between  both  pro- 

45  cessors  becomes  great,  a  bus  neck  occurs  in  the 
common  bus,  and  the  waiting  state  of  one  of  the 
processors  becomes  a  serious  problem  for  improv- 
ing  the  effect  of  parallel  processing. 

Next,  the  operation  of  the  dual  processor  sys- 
50  tern  containing  the  general  purpose  processor  chip 

and  the  special  purpose  processor  chip  shown  in 
Fig.  3,  when  applied  to  the  control  field  which 
requires  a  real  time  operation,  will  be  described. 

Here,  the  general  purpose  processor  200  as  a 
55  host  processor  controls  the  peripheral  devices  (not 

shown)  while  the  special  purpose  processor  201  as 
a  co-processor  executes  numeric  calculation  for  the 
data  sent  from  the  peripheral  device.  The  local 

5 
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memory  205  of  the  processor  201  stores  a  plurality 
of  calculation  programs.  The  signals  sent  from  the 
various  sensors  are  inputted  asynchronously  to  the 
general  purpose  processor  200  through  the  periph- 
eral  I/O  control  unit,  and  the  general  purpose  pro- 
cessor  200  writes  the  data  necessary  for  the  cal- 
culation  of  the  specific  processing  into  the  common 
memory  202  through  the  common  bus  203.  The 
special  purpose  processor  201  receives  the  data 
from  the  common  memory,  and  starts  the  calcula- 
tion  after  all  the  data  to  be  calculated  are  prepared 
in  the  memory.  The  calculation  result  is  written  into 
the  memory  202,  and  the  general  purpose  proces- 
sor  200  accesses  the  memory  202  and  transfers 
the  result  to  the  peripheral  device. 

In  the  control  field  where  the  calculation  pro- 
cessing  of  the  asynchronous  input  data  is  primarily 
effected  as  described  above,  the  special  purpose 
processor  has  an  extremely  long  waiting  time  by 
poring  of  the  data  to  be  calculated  because  it  starts 
execution  only  after  all  the  data  are  prepared  for 
the  calculation.  Therefore,  although  parallel  execu- 
tion  is  possible,  the  working  ratio  of  the  special 
purpose  processor  is  limited  to  a  low  level. 

Detailed  Description  of  the  Preferred  Embodiments 
(Figs.  4  to  17) 

Referring  to  Fig.  4,  a  microcomputer  in  accor- 
dance  with  a  first  embodiment  of  the  present  inven- 
tion  comprises  a  general  purpose  processor  (GPP) 
1  for  executing  general  processing  among  a  re- 
quired  program,  a  special  purpose  processor  - 
(SPP)  2  for  executing  specific  processing  (e.g. 
numeric  calculation  processing)  among  the  re- 
quired  program,  a  data  memory  3  for  storing  pro- 
cessing  data,  a  program  memory  4  for  storing 
instructions  necessary  to  the  processing  of  the 
program,  and  a  peripheral  input/output  unit  5  coup- 
led  to  at  least  one  peripheral  device  (not  shown). 
These  units  are  connected  to  one  another  by  a  bus 
6.  The  feature  of  the  present  invention  is  in  the  use 
of  a  data  flow  processor  for  the  SPP  2. 

The  general  purpose  processor  1  has  a  pro- 
gram  counter  used  to  read  out  instructions  from  the 
program  memory  4  and  controls  sequentially  the 
program  flow.  In  response  to  such  an  instruction 
read  out  of  the  program  memory  4  that  is  to  be 
executed  by  the  special  purpose  processor  2,  the 
general  purpose  processor  1  produces  a  token  by 
combining  a  sequence  control  information  and  data 
to  be  calculated  and  transfers  the  token  to  the 
special  purpose  processor  2  through  the  bus  6. 

The  special  purpose  processor  2  contains  a 
memory  table  in  which  a  plurality  of  instructions 
are  preliminarily  stored,  each  instruction  being  pre- 
pared  according  to  the  minimum  calculation  unit  of 

the  monadic  or  dyadic  operation.  The  processor  2 
handles  each  calculation  unit  as  the  independent 
calculation  task  and  executes  the  processing  for 
each  calculation  task.  The  processor  2  is  actuated 

5  by  the  token  transferred  thereto  from  the  general 
purpose  processor  1  via  the  bus  6.  When  the  token 
:s  inputted,  one  calculation  task  is  executed  ac- 
cording  to  the  corresponding  instruction  which  is 
selected  by  the  sequence  control  information  con- 

70  rained  in  the  token.  The  resuit  of  processing  of  the 
calculation  task  may  be  used  as  a  new  data  of  the 
next  calculation  task.  In  this  manner,  this  procedure 
s  sequentially  executed  by  using  a  token  ring  bus. 
~ne  special  purpose  processor  2  is  designed  ac- 

75  cording  to  the  data  flow  (data  driven)  architecture 
and  is  used  as  co-processor  or  slave  processor. 

The  execution  of  the  specific  processing  by  the 
special  purpose  processor  2  will  be  explained 
where  the  following  calculation  processing  program 

20  is  executed  by  way  of  example: 

X  =  AxB  +  CxD  (1) 
The  calculation  processing  program  of  the  for- 

mula  (1)  as  the  example  is  divided  into  the  three 
25  calculation  tasks  T1,  T2  and  T3,  and  calculation 

processing  is  executed  for  each  calculation  task: 

T1:  A'  =  Ax  B 

30  T2:  C  =  C  x  D 

T3:  X  =  A'  +  C  
Since  T3  is  actuated  after  completion  of  execu- 

tion  of  T1  and  T2,  it  is  subordinate  in  terms  of  time 
35  sequence,  but  it  is  irrelevant  to  T1  and  T2  in 

relation  to  the  data  to  be  calculated  because  the 
data  necessary  for  T3  are  only  A'  and  C  and  it  is 
not  necessary  for  T3  to  watch  the  execution  state 
of  T1  and  T2  such  as  the  input  state  of  A,  B,  C  and 

40  D,  and  the  like.  Accordingly,  T1  ,  T2  and  T3  can  be 
regarded  as  the  mutually  independent  calculation 
tasks. 

When  the  data  A  and  B  are  transferred  from 
the  general  purpose  processor  1,  the  calculation 

45  task  T1  is  executed  in  the  processor  2.  Similarly, 
when  the  data  C  and  D  are  transferred  from  the 
general  purpose  processor  1,  the  calculation  task 
T2  is  executed  in  the  processor  2.  The  data  A,  B; 
C  and  D  may  be  randomly  entered  into  the  proces- 

50  sor  2,  and  the  task  T2  may  be  executed  before  the 
execution  of  the  task  T1.  Only  calculation  task  T3 
is  executed  when  A'  and  C  are  prepared  after 
completion  of  execution  of  T1  and  T2. 

A  large  number  of  calculation  programs  con- 
55  sisting  of  a  plurality  of  calculation  tasks  are  prelimi- 

narily  stored  in  the  processor  102,  and  each  cal- 
culation  task  is  executed  as  soon  as  the  data  for  it 
are  prepared.  The  sequence  control  information  in 

6 
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each  token  designates  the  calculation  tasks  for  the 
data  corresponding  to  each  information,  so  that  the 
data  of  each  calculation  task  are  mutually  discrimi- 
nated. 

Referring  also  to  Fig.  5  which  shows  an  internal 
block  diagram  of  the  special  purpose  processor  2, 
the  function  of  the  processor  2  will  be  described. 
The  processor  2  contains  the  following  seven  units: 

(1)  an  input  interface  unit  (IU)  21  for  tem- 
porarily  storing  the  token  transferred  from  the  gen- 
eral  purpose  processor  1  via  the  bus  6; 

(2)  an  address  calculation  unit  (ACU)  22  for 
producing  an  address  according  to  the  sequence 
control  information,  transferring  the  produced  ad- 
dress  and  the  data  in  the  token  to  a  data  latch 
memory  23  and  further  transferring  the  produced 
address  and  the  sequence  control  information  to  a 
task  queue  memory  (TRQ)  24; 

(3)  the  data  latch  memory  (DLM)  23  for 
temporarily  storing  the  transferred  data  at  the  ad- 
dress  designated  by  ACU  22  to  wait  for  the  other 
data  in  the  dyadic  calculation  operation; 

(4)  the  task  queue  memory  (TRQ)  24,  which 
is  a  first-in  first-out  memory,  for  storing  the  se- 
quence  control  information  relating  to  the  calcula- 
tion  task  transferred  from  the  ACU  22  whose  data 
are  stored  in  the  DLM  23  and  can  not  be  calculated 
at  this  time  (hereinafter  called  the  "ready  state"); 

(5)  a  task  sequence  control  unit  (TSCU)  25 
for  designating  the  calculation  mode  of  the  calcula- 
tion  task  in  an  execution  unit  26  on  the  basis  of  the 
sequence  control  information  read  out  from  the 
TRQ  24,  selecting  the  next  calculation  task  which 
uses  the  result  of  the  execution  of  the  present 
calculation  task,  and  adding  that  control  information 
to  the  selected  task; 

(6)  the  execution  unit  (EXU)  26  for  actually 
executing  the  calculation  task;  and 

(7)  a  data  transfer  unit  (DTU)  27  for  tem- 
porarily  storing  the  final  result  of  the  specific  pro- 
cessing  in  the  processor  2. 

The  input  interface  unit  21  and  the  data  trans- 
fer  unit  27  are  connected  to  the  bus  6,  while  the 
other  five  units  22,  23,  24,  25  and  26  are  con- 
nected  in  the  ring  form  by  token  buses  28,  29,  30, 
31,  32  and  33.  Further,  address  buses  34  and  35 
are  used  to  couple  the  DLM  23  to  the  ACU  22  and 
TSCU  25,  respectively. 

The  calculation  operation  (specific  processing) 
of  the  processor  2  will  be  described. 

The  interface  unit  (IU)  21  receives  the  token  from 
the  general  purpose  processor  1  and  transfers  the 
received  token  to  the  address  calculation  unit  - 
(ACU)  22  when  the  data  bus  28  is  empty.  The 
address  calculation  unit  (ACU)  22  calculates  an 
address  of  the  DLM  23  at  which  the  data  in  the 
token  is  to  be  stored  by  use  of  the  sequence 

control  information  in  the  token,  outputs  the  ad- 
dress  to  the  address  bus  34  and  transfers  the  data 
contained  in  the  token  to  the  data  latch  memory  - 
(DLM)  23  through  the  token  bus  29.  Further,  the 

5  sequence  control  information  caontained  in  the  to- 
ken  and  added  with  the  calculated  address  is  trans- 
ferred  to  the  FIFO  type  task  queue  memoty  (TRQ) 
24  through  the  parallel  token  bus  30.  The  sequence 
control  information  arrived  earliest  at  the  TRQ  24  is 

70  firstly  read  out  of  the  TRQ  24  and  is  transferred  to 
the  TSCU  25  via  the  token  bus  32.  The  TSCU  25 
accesses  the  DLM  23  according  to  the  address 
produced  by  the  ACU  22  and  added  to  the  se- 
quence  control  information  via  the  address  bus  35. 

75  The  data  at  the  accessed  address  is  read  out  of 
the  DLM  23  and  sent  to  the  TSCU  35  through  the 
parallel  token  bus  31  . 

In  this  case,  when  the  calculation  task  for  data 
at  the  accessed  address  is  the  dyadic  operation, 

20  the  data  latch  memory  23  examines  whether  or  not 
the  other  data  has  already  stored  therein.  If  the 
other  data  has  already  presented  in  the  data  latch 
memory  23,  the  data  latch  memory  23  transfers 
both  data  to  the  TSCU  25  simultaneously.  On  the 

25  other  hand,  if  the  other  data  has  not  yet  arrived  at 
the  data  latch  memory  (DLM)  23,  the  accessed 
data  is  not  transferred  to  the  TSCU  25  and  is 
retained  therein,  waiting  for  the  arrival  of  the  other 
data.  At  this  time,  the  sequence  control  information 

30  is  transferred  as  it  is  through  the  token  buses  33, 
28  and  30  and  is  entered  into  the  TRQ  24  again. 

If  the  calculation  task  for  the  accessed  data  is 
the  monadic  operation,  the  data  latch  memory  - 
(DLM)  23  transfers  the  data  to  the  TSCU  25  via  the 

35  token  bus  32  because  the  calculation  task  is  in  the 
ready  state  without  waiting.  The  task  sequence 
control  unit  (TSCU)  25  contains  a  memory  table 
storing  a  plurality  of  calculation  mode  and  des- 
ignates  the  calculation  mode  to  be  executed  ac- 

40  cording  to  the  control  information  of  the  calculation 
task  under  the  ready  state.  The  data  to  be  cal- 
culated  are  transferred  to  the  execution  unit  (EXU) 
26  through  the  token  bus  23.  On  the  other  hand, 
when  the  calculation  is  completed,  the  task  se- 

45  quence  control  unit  25  transfers  the  data  as  the 
final  calculation  result  to  the  data  transfer  unit  - 
(DTU)  27  through  the  bus  33.  The  execution  unit  - 
(EXU)  26  executes  the  calculation  processing  des- 
ignated  by  the  calculation  mode  supplied  from,  the 

50  TSCU  25.  After  the  calculation  is  completed,  the 
EXU  26  constitutes  the  token  by  the  sequence 
control  information  updated  by  the  task  sequence 
control  unit  25  and  transfers  the  token  to  the  ad- 
dress  calculation  unit  22  through  the  token  bus  28. 

55  The  data  transfer  unit  (DTU)  27  receives  the  final 
calculation  result  from  the  task  sequence  control 
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unit  25  and  informs  the  termination  of  the  process- 
ing  to  the  general  purpose  processor  1.  The  gen- 
eral  purpose  processor  1  transfers  the  final  calcula- 
tion  result  to  the  data  memory  3  through  the  bus  6. 

In  the  manner  described  above,  a  plurality  of  5 
tokens  inputted  from  the  general  purpose  proces- 
sor  1  are  calculated  in  accordance  with  a  plurality 
of  calculation  tasks  with  queuing  operation.  Thus, 
the  general  purpose  processor  1  can  enter  ran- 
domly  unscheduled  data  into  the  special  purpose  io 
processor  2.  The  calculation  result  is  produced  in 
the  processor  2. 

Fig.  6  is  an  internal  block  diagram  of  the  gen- 
eral  purpose  processor  1.  The  processor  1  is  ba- 
sically  designed  according  to  von  Neumann  ar-  75 
chitecture  in  this  embodiment  and  contains  a  pro- 
gram  memory  (ROM)  36  storing  instructions  for 
processing  a  required  program,  a  program  counter 
(PC)  37  to  read  instructions  out  of  the  ROM  36 
sequentially,  a  queue  memory  38  used  as  an  in-  20 
struction  register,  a  micro-sequencer  39  storing 
microprograms,  an  instruction  decoder  40  decoding 
instructions,  an  arithmetic  and  logic  unit  (ALU)  41, 
a  temporary  register  42  storing  the  result  of  ALU,  a 
data  memory  (RAM)  43  containing  a  working  regis-  25 
ter  set,  an  address  producing  unit  44  and  an  I/O 
control  unit  45.  The  system  bus  6  is  coupled  to  a 
first  internal  bus  48  which  is  connected  to  ROM  36 
and  the  queue  memory  38.  Thus,  the  queue  mem- 
ory  38  can  receive  an  instruction  from  the  external  30 
through  the  system  bus  6  and  the  instruction  in  the 
ROM  36  can  be  transferred  to  the  system  bus  6. 
The  I/O  control  unit  .45  is  coupled  to  the  bus  6  via 
the  first  internal  bus  48  and  has  a  bus  control 
function  as  well  as  a  data  transfer  function.  The  35 
processor  employs  a  dual  bus  structure  with  two 
buses  49  and  50  separately  provided.  The  RAM  43 
of  a  dual-port  type  is  coupled  to  both  buses  49  and 
50.  The  dual  buses  49  and  50  are  coupled  to  the 
first  internal  bus  48  and  a  second  internal  bus  51  40 
via  buffers  46  and  47,  respectively. 

When  the  specific  processing  s  rocmreC;.  the 
sequence  control  information  ana  :ne  aata  ro  De 
calculated  are  produced  and  are  transferreo  -c  the 
special  purpose  processor  2  as  a  token.  The  se- 
quence  control  information  may  De  transferred  io 
the  system  bus  6  through  the  Eternal  ouses  50 
and  51,  and  the  data  may  be  transferred  to  the 
system  bus  6  through  the  internal  Suses  49  and  48. 
alternatively,  the  sequence  control  information  and 
the  data  may  be  transferred  to  the  system  bus  6  in 
serial  via  the  bus  48.  In  order  to  allow  this  serial 
transfer,  a  bus  52  is  provided  ;o  connect  the  bus 
51  to  the  bus  48.  With  this  serial  transfer,  the 
general  purpose  processor  1  can  be  coupled  to  the 
data  flow  type  special  purpose  processor  2  accord- 
ing  to  a  normal  bus  coupling  technique. 

Referring  also  to  Fig.  7,  the  processor  1  pre- 
pares  the  sequence  control  information  containing 
a  table  address  (TA),  a  data  base  pointer  (DBP),  a 
source/destination  designating  bit  (S/D),  a  data 
length  code  (DL)  and  a  data  format  code  (DF).  The 
table  address  (TA)  and  the  data  base  pointer  - 
(DBP)  are  produced  by  the  address  producing  unit 
44  and  used  in  the  address  calculation  unit  (ACU) 
22  in  the  special  purpose  processor  2  for  produc- 
ing  the  address  to  access  the  DLM  23.  The  S/D  is 
used  to  indicate  that  the  data  to  be  calculated  in 
the  processor  2  is  whether  the  source  data  or  the 
destination  data.  For  example,  when  the  S/D  is  "1  ", 
the  data  is  manipulated  as  the  source  data,  while 
when  the  S/D  is  "0",  the  data  is  manipulated  as  the 
destination  data.  The  data  length  code  (DL)  in- 
dicates  the  number  of  bytes  of  the  data  to  be 
calculated.  When  the  data  consists  of  one  byte,  the 
DL  is  "00",  while  the  DL  is  "01"  for  the  data 
consisting  of  two  bytes.  It  is  "10"  for  the  data  of 
three  bytes.  The  code  of  DL  may  be  arbitrarily 
prepared  according  to  the  data  to  be  processed. 
The  data  format  code  DF  represents  as  shown  in 
Table  1. 

-TABLE  ..--•„  1 

"DF  Da ta   F o r m a t  

001  1 6 - b i t   i n t e g e r . .   •  ■-  ;-  ■  . 

010  3 2 - b i t   i n t e g e r  

.  110  .  •  3 2 - b ^ t .   f l o a t i n g   p o i n t   -  .-. 

o t h e r s . .   R e s e . r v e d   . . . .  
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Flow  of  the  sequence  control  information  (TA, 
DBP,  S/D,  DL  and  DF)  in  the  processor  2  will  be 
now  explained  with  reference  to  Figs.  7  to  14.  It  is 
first  entered  into  the  input  interface  unit  21  in  Fig.  7 
through  the  system  bus  6  and  is  stored  in  a  data 
buffer  (DB)  21-1  therein  shown  in  Fig.  8.  The  DL 
among  the  sequence  control  information  is  further 
entered  into  a  timing  controller  (TC)  21-2  (Fig.  8). 
The  timing  controller  21-2  controls  entry  of  the  data 
according  to  the  DL.  That  is,  when  the  DL  is  "01  ", 
the  TC  21-2  controls  the  DB  21-1  so  as  to  store 
two  bytes  of  the  data.  The  byte  is  transferred  one 
by  one.  After  all  of  the  data  to  be  processed  are 
stored  in  the  data  buffer  21-1,  the  sequence  control 
information  is  transferred  to  the  address  calculation 
unit  (ACU)  22  shown  in  Fig.  9  through  the  bus  28. 

15 

The  information  is  stored  in  a  tag  data  buffer  - 
(TDB)  22-1  .  The  table  address  (TA)  is  applied  to  a 
data  address  table  (DAT)  22-2  as  an  address.  The 
DAT  22-2  has  a  data  and  a  control  code  (CTL).  The 
data  is  applied  to  an  adder  (ADD)  22-3  together 
with  the  data  base  pointer  (DBP).  The  result  of  the 
addition  is  transferred  to  the  address  bus  34  coup- 
led  to  the  DLM  23  via  an  address  buffer  (AB)  22-5 
as  an  effective  address  designating  a  location  in 
which  the  data  to  be  processed  is  stored.  The 
effective  address  to  be  transferred  to  the  DLM  is 
also  stored  in  the  TDB  22-1  as  a  data  storage 
address  (DSA).  The  CTL  is  transferred  to  the  DLM 
23  through  the  bus  29  and  indicates  a  processing 
task  function  as  shown  in  Table  2. 

TABLE 

CTL  P r o c e s s . . n g   Task   F u n c t i o n  

00  Load  o p e r a t i o n   of  c o n s t a n t   v a l u e  

01  M o n a d i c   o p e r a t i o n  

10  D y a d i c   o p e r a t i o n   u s i n g   c o n s t a n t   v a l u e  

11  D y a d i c   o p e r a t i o n   u s i n g   q u e u i n g  
! 

The  S/D  bit  is  also  transferred  to  the  DLM  23 
through  the  bus  29  to  indicate  either  the  source 
data  or  the  destination  data.  The  data  format  (DF) 
shown  in  table  1  is  applied  to  a  timing  controller  - 
(TC)  22-4  to  indicate  predetermined  timing  opera- 
tion  according  to  the  designated  format.  The  se- 
quence  control  information  (TA,  DBP,  DSA  and 
DL)  is  transferred  to  the  task  queue  memory  - 
(TRQ)  24  through  the  bus  30.  The  data  to  be 
processed  is  directly  transferred  from  the  bus  28 
through  the  bus  29  to  the  DLM  23  together  with  the 
CTL  and  S/D. 

The  task  queue  memory  24  has  a  tag  data 
queue  (TDQ)  24-1  of  a  first-in  first-out  (FIFO)  mem- 
ory  structure  and  a  queue  status  controller  (QSC) 
24-2  as  shown  in  Fig.  10.  The  sequence  control 
information  is  entered  into  the  TDQ  24-1  through 
the  bus  30.  The  oldest  sequence  control  informa- 
tion  stored  in  the  TDQ  24-1  is  firstly  derived  there- 
from  and  transferred  to  the  task  sequence  control 
unit  (TSCU)  25  through  the  bus  32.  The  queue 
status  controller  (QSC)  24-2  checks  the  status  of 
the  TDQ  24-1  and  generates  a  queue  overflow 
control  signal  (QSCC)  when  the  TDQ  24-1  is  filled 
with  the  entered  information.  That  is,  when  the 
TDQ  24-1  has  no  empty  memory  area,  an  entry  of 

35 

40 

45 

50 

55 

a  new  sequence  control  information  is  stopped  by 
the  QSCC  signal.  The  QSCC  signal  is  applied  to 
the  timing  controller  (TC)  22-4  in  the  ACU  22  (Fig. 
9)  to  stop  output  of  the  subsequent  control  informa- 
tion.  Thus,  the  entry  into  the  TDQ  24-1  is  inhibited 
until  the  information  already  stored  in  the  TDQ  24-1 
is  derived  therefrom. 

The  data  iatch  memory  DLM  23  (Fig.  11)  has  a 
storage  means  including  a  source  data  area  (SDA) 
23-2  and  a  destination  data  area  (DDA)  23-4,  each 
of  which  has  a  plurality  of  storage  locations.  Each 
location  has  a  flag  bit.  That  is,  the  source  data  area 
contains  a  source  flag  bit  Vs  23-1  corresponding  to 
each  source  data  storage  location,  while  the  des- 
tination  data  area  contains  a  destination  flag  bit  Vd 
23-3  corresponding  to  each  destination  data  stor- 
age  location.  Both  areas  are  simultaneously  acces- 
sed  by  either  the  address  sent  from  the  ACU  22 
through  the  address  bus  34  or  the  address  sent 
from  the  TSCU  25  through  the  address  bus  35. 
The  address  is  decoded  by  an  address  decoder  - 
(AD)  23-5  to  designate  one  of  the  common  storage 
locations  of  the  both  areas  SDA  and  DDA.  The 
read-out  Vs  and  Vd  are  applied  to  a  memory 
controller  (MC)  23-6  to  which  the  CTL  and  S/D  are 
also  supplied  from  the  bus  29.  The  memory  con- 

9 
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trailer  (MC)  23-6  selects  either  one  of  SDA  and 
DDA  according  to  the  S/D  bit  when  the  CTL  29  is 
"11".  For  example,  when  the  S/D  bit  is  "0",  the 
SDA  is  selected  and  the  data  on  the  bus  29  is 
written  at  the  location  designated  by  the  address. 
Further,  the  Vs  flag  bit  corresponding  to  the  des- 
ignated  location  is  set.  On  the  other  hand,  when  the 
S/D  oit  is  "1".  the  DDA  is  selected  and  the  data  is 
written  at  the  iocation  designated  by  the  address. 
In  aaditton,  the  Vd  flat  bit  corresoonding  to  the 
designated  location  is  set.  The  memory  controller  - 
(MC)  23-6  *urther  performs  set  or  reset  of  the  flag 
bit  according  to  the  CTL. 

When  the  data  is  to  be  read  out  of  the  DLM, 
the  read  aodress  is  applied  from  the  address  bus 
35  to  the  AD  23-5  and  both  of  Vs  and  Vd  at  the 
designated  location  are  read  out  and  supplied  to 
the  MC  23-6.  When  both  bits  are  set.  the  data  in 
the  SDA  and  DDA  are  both  simultaneously  read  out 
and  transferred  to  the  TSCU  25  through  the  bus 
31  .  On  the  other  hand,  if  either  one  or  both  of  Vs 
and  Vd  bits  are  reset,  the  data  read  operation  is  not 
enabled.  This  means  that  two  data  to  be  processed 
are  not  prepared.  Thus,  the  MC  23-6  checks  the 
flag  bits  of  Vs  and  Vd  and  enables  the  read  opera- 
tion  only  when  both  bits  are  set. 

The  task  sequence  control  unit  (TSCU)  25 
shown  in  Fig.  12  receives  the  control  information 
consisting  of  TA,  DBP,  DSA  and  DL  from  the  bus 
32.  The  DSA  which  has  been  produced  by  the 
ACU  22  is  supplied  to  an  address  buffer  25-1  and 
used  to  make  access  to  the  DLM  23  through  the 
address  bus  35.  An  address  counter  25-2  is  pro- 
vided  for  the  address  buffer  25-1  for  producing  the 
sequential  addresses  to  access  the  data  of  a  plural- 
ity  of  bytes.  The  table  address  (TA)  is  supplied  to  a 
task  sequence  table  (TST)  25-3  which  produces  a 
new  table  address  (TA'),  a  new  source/destination 
designating  bit  (S/D')  and  a  new  data  length  code  - 
(DL')  to  be  used  in  a  new  sequence  control  in- 
formation  which  in  turn  indicates  a  new  processing 
with  respect  to  the  concurrent  data  if  necessary 
and  a  selection  code  to  be  applied  to  a  bus  selec- 
tor  (BSL)  25-4.  The  bus  selector  25-4  sends  the 
data  from  the  bus  31  to  the  execution  unit  26  when 
the  select  code  indicates  the  EXU  26  or  to  the  data 
transfer  unit  (DTU)  27  when  the  select  code  in- 
dicates  the  DTU  27,  that  is,  when  the  data  process- 
ing  is  completed.  The  BSL  25-4  controls  the  data 
transfer  according  to  the  data  length  code  (DL) 
supplied  thereto. 

The  execution  unit  (EXU)  26  (Fig.  13)  has  a 
sequencer  26-1  for  indicating  a  calculation  mode 
according  to  the  control  information,  two  registers 
26-2  and  26-3,  an  arithmetic  and  logic  unit  (ALU) 
26-4  and  a  latch  26-5.  The  ALU  26-4  executes  a 

calculation  (addition,  subtraction,  multiplication,  di- 
vision,  comparison,  etc.)  according  to  the  calcula- 
tion  mode  indicated  by  the  sequencer  26-1  and 
transfers  the  calculation  result  to  the  bus  28. 

5  The  data  transfer  unit  (DTU)  27  (Fig.  14)  has  a 
data  buffer  (DB)  27-1  coupled  to  the  bus  33  at  its 
input  and  to  the  system  bus  6  at  its  output  and 
temporarily  storing  the  processing  result,  and  a 
timing  controller  (TC)  27-2. 

70  The  interface  control  of  the  general  purpose 
processor  1  and  the  special  ouroose  processor  2 
will  be  described  with  reference  to  Fig.  1  5. 

The  interface  unit  (IU)  21  in  the  special  pur- 
pose  processor  2  has  the  input  data  buffer  (DB)  21- 

75  1  for  storing  the  input  token  from  the  general 
purpose  processor  1  while  the  data  transfer  unit  - 
(DTU)  27  has  the  output  data  buffer  (DB)  27-1  for 
storing  the  processing  result  of  the  special  purpose 
processor  2.  The  following  control  signals  are  used 

20  in  order  to  control  the  communication  between  the 
general  purpose  processor  1  and  the  special  pur- 
pose  processor  2. 

In  order  to  transfer  the  token  from  the  general 
purpose  processor  1  to  the  special  purpose  pro- 

25  cessor  2,  the  processor  1  applies  a  token  transfer 
signal  60  which  informs  the  processor  2  that  the 
token  is  outputted  to  the  bus  6.  The  signal  60  is 
generated  by  the  peripheral  control  unit  45  in  the 
GPP  1  and  is  received  by  the  timing  controller  - 

30  (TC)  21-2  of  the  IU  21.  The  timing  controller  21-2 
activates  a  signal  61  to  inform  the  general  purpose 
processor  1  that  the  interface  unit  21  of  the  proces- 
sor  2  cannot  receive  the  token  transferred  from  the 
general  purpose  processor  1.  When  the  token  can 

35  be  received,  the  TC  21-2  does  not  activate  the 
signal  61.  The  processor  1  can  acknowledge  the 
token  transfer  according  to  the  signal  61  .  The  tim- 
ing  controller  (TC)  21-1  activates  the  signal  61 
when  the  QSCC  signal  is  present  but  inactivates  it 

40  when  the  QSCC  signal  is  absent.  Alternatively,  the 
QSCC  signal  may  be  directly  applied  to  the  gen- 
eral  purpose  processor  1  as  a  signal  62  from  the 
TRQ  so  as  to  directly  inform  the  GPP  1  of  such  a 
status  of  the  special  purpose  processor  2  that  the 

45  TDQ  has  been  filled  and  no  more  control  informa- 
tion  is  accepted.  In  this  case  the  signal  61  can  be 
omitted. 

Further,  when  the  processing  result  is  stored  in 
the  data  buffer  27-1  of  the  DTU  27,  the  TC  27-2 

50  generates  a  data  transfer  request  signal  63  which  is 
applied  to  the  peripheral  control  unit  45  of  the 
processor  1  .  The  processor  1  receives  the  process- 
ing  result  through  the  bus  6  when  the  data  entry  is 
acceptable  by  returning  a  grant  signal  63.  Though 

55  the  request  signal  and  the  grant  signal  are  trans- 
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ferred  bidirectionally  on  the  source  signal  line, 
these  signals  may  be  separated  from  each  other. 
Further,  the  processing  result  may  be  sent  directly 
to  the  data  memory  3. 

In  conjunction  with  the  transfer  operation  of  the 
token  from  the  general  purpose  processor  1  to  the 
special  purpose  processor  2,  there  are  the  follow- 
ing  two  methods,  and  the  general  purpose  proces- 
sor  1  can  arbitrarily  select  them  in  accordance  with 
the  state  of  the  processor  2. 

(1)  The  general  purpose  processor  1  fetches 
the  instruction  from  the  program  memory  4  and 
when  the  instruction  is  judged  to  be  such  one  that 
commands  the  specific  processing  to  be  executed 
by  the  processor  2,  the  general  purpose  processor 
1  adds  the  sequence  control  information  designat- 
ing  the  calculation  task  to  the  data  to  be  pro- 
cessed,  whereby  the  token  is  prepared.  The  gen- 
eral  purpose  processor  1  then  generates  the  token 
transfer  signal  60,  outputs  the  token  to  the  bus  6 
and  checks  the  level  of  the  signal  61  from  the 
processor  2.  When  the  signal  61  is  active,  the 
general  purpose  processor  1  is  under  the  waiting 
state  while  outputting  the  token  to  the  bus  6,  and 
repeatedly  checks  the  signal  61.  When  the  signal 
61  becomes  inactive,  it  judges  that  the  processor  2 
receives  the  token,  and  fetches  the  next  instruction 
from  the  program  memory  4  to  execute  that  in- 
struction  simultaneously  with  the  execution  of  the 
specific  processing  by  the  processor  2. 

When  the  token  transfer  signal  60  is  active,  the 
processor  2  checks  the  state  of  the  input  buffer  21  - 
1  in  the  interface  unit  21  ,  makes  inactive  the  signal 
61  when  the  input  token  buffer  21-1  is  empty,  and 
takes  the  token  on  the  bus  6  into  the  input  token 
buffer  21-1.  When  the  token  remains  in  the  input 
token  buffer  21  -1  ,  the  processor  2  keeps  the  signal 
61  active  until  the  interface  unit  21  transfers  the 
token  to  the  address  calculation  unit  22. 

(2)  The  general  purpose  processor  101  checks 
the  state  of  the  signal  62  from  the  processor  2. 
When  the  QSCC  signal  is  present,  the  general 
purpose  processor  1  suspends  the  transfer  of  the 
token  to  the  processor  2  and  executes  other  pro- 
cessings.  After  that,  it  transfers  the  token  again  to 
the  processor  2  in  the  same  way  as  the  method 
described  in  the  item  (1  )  above. 

In  connection  with  the  transfer  operation  by  the 
general  purpose  processor  1  of  the  calculation  re- 
sult  of  the  processor  2  to  the  data  memory  3,  when 
the  data  transfer  unit  27  in  the  processor  2  re- 
ceives  the  final  calculation  result  from  the  task 
sequence  control  unit  25,  it  requires  the  general 
purpose  processor  1  to  receive  the  calculation  re- 
sult  by  using  the  request  signal  63.  When  accept- 
ing  the  request,  the  general  purpose  processor  1 
temporarily  stops  the  execution  of  the  present  pro- 

gram,  receives  the  calculation  result  from  the  out- 
put  data  buffer  27-1  of  the  data  transfer  unit  27  and 
transfers  it  to  the  data  memory  3  through  the  bus 
6. 

5  In  this  manner,  the  processor  2  waits  for  the 
calculation  result  thereinside  irrespective  of  the 
transfer  sequence  of  the  data  to  be  processed 
which  is  transferred  from  the  general  purpose  pro- 
cessor  1,  while  the  general  purpose  processor  1 

jo  need  not  at  all  consider  the  timing  such  as  waiting 
in  connection  with  the  transfer  sequence  of  the 
data  to  the  processor  2  in  order  to  establish  the 
synchronous  relation  of  the  instruction  execution 
sequence.  Accordingly,  the  synchronous  commu- 

75  nication  method  of  the  instruction  execution  be- 
tween  the  processor  1  and  the  processor  2  be- 
comes  simple.  Further,  the  processor  2  can  ex- 
ecute  the  input  operation  of  the  token,  output  op- 
eration  of  the  calculation  result  and  the  calculation 

20  processing  entirely  independently  of  one  another. 
Since  the  interface  control  and  the  coupling 

between  the  processors  1  and  2  are  very  easy,  the 
processor  2  can  be  formed  on  the  same  chip  of  the 
processor  1  together  with  the  memories  3  and  4 

25  and  the  peripheral  I/O  unit  5.  Further,  the  present 
invention  utilizes  the  processor  of  a  data  from  (or 
driven)  control  type,  in  which  an  instruction  is  start- 
ed  upon  data  input,  as  the  special  purpose  proces- 
sor  and  can  therefore  provide  the  following  advan- 

30  tages: 
(1)  The  special  purpose  processor  has  therein 

a  plurality  of  processing  programs,  and  each  pro- 
gram  is  divided  into  independent  tasks  so  as  to 
execute  the  processing  in  the  task  unit.  Accord- 

35  ingly,  a  plurality  of  programs  can  be  executed  in 
parallel  with  one  another.  There  does  not  exist 
fundamentally  the  execution  sequence  between  a 
plurality  of  tasks,  and  those  tasks  are  sequentially 
executed  whose  data  are  prepared.  Accordingly, 

40  there  is  hardly  any  overhead  such  as  the  waiting 
for  the  input  of  the  processing  data. 

(2)  Since  the  speical  purpose  processor  waits 
for  the  processing  data  thereinside  in  accordance 
with  the  sequence  control  information  in  the  token 

45  irrespective  of  the  transfer  sequence  of  the  pro- 
cessing  data  in  the  token  transferred  thereto  from 
the  general  purpose  processor  and  establishes  the 
synchronous  relation  of  the  instruction  execution 
sequence,  the  general  purpose  processor  need  not 

50  at  all  consider  the  timing  such  as  waiting  in  con- 
nection  with  the  transfer  of  the  data  to  the  special 
purpose,  processor.  Accordingly,  these  general  pur- 
pose  processor  have  an  extremely  reduced  over- 
head  in  conjunction  with  the  transfer  of  the  data  to 

55  the  special  purpose  processor. 
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In  tnls  manner,  the  present  invention  can  re- 
markably  improve  the  parallel  processing  efficiency 
of  the  dual  processor  system  by  reducing  the  over- 
head  in  connection  with  the  data  transfer  between 
the  processors.  As  shown  in  the  upper  three 
waveforms  in  Rg.  16,  the  conventional  dual  proces- 
sor  system  in  Rg.  2  requires  different  time  periods 
for  the  processings  G„  G2  in  the  GPP  and  those  S, 
and  S2  in  the  SPP  with  intervals  l„  I2,  l3  used  for 
data  and  information  transfer.  According  to  the  in- 
vention,  as  shown  in  the  lower  three  waveforms  in 
Rg.  16,  the  GPP  and  the  SPP  can  execute  the 
respective  processings  G„  G2,  ...  and  S„  S,  ...  at 
the  same  time  periods  with  intervals  l„  l2  ...  used 
for  data  and  information  transfer  therebetween. 

In  addition,  the  hardware  resources  can  be 
utilized  more  effectively,  and  the  single-chip  micro- 
computer  having  an  drastically  improved  process- 
ing  capacity  can  be  provided.  The  present  inven- 
tion  provides  great  practical  significance  in  accom- 
plishing  the  high  speed  real  time  control  particu- 
larly  in  the  control  field  where  parallel  processing 
by  multiprogramming  is  a  requisite. 

Rg.  17  shows  a  block  diagram  of  another  em- 
bodiment  of  a  numeric  value  calculation  processor 
(special  purpose  processor)  2'  for  the  data  flow 
control. 

The  numeric  value  calculation  processor  2' 
contains  an  interface  unit  70  which  manages  the 
state  of  the  calculation  task,  a  ready  state  task 
queue  72  which  selectively  stores  the  sequence 
control  information  of  the  token,  a  data  latch  mem- 
ory  71  for  storing  the  data  to  be  calculated,  an 
execution  unit  73  for  executing  the  calculation  of 
the  task,  and  a  data  transfer  unit  74  for  transferring 
the  final  calculation  result.  The  interface  unit  70, 
the  ready  state  task  queue  72,  the  data  memory  71 
and  the  execution  unit  73  are  connected  to  a  token 
ring  bus  75  in  which  the  data  move  unidirectionally. 

The  data  processing  flow  in  the  numeric  value 
calculation  processor  2'  will  be  described  briefly. 

Rrst  of  all,  the  general  purpose  processor  1 
addes  predetermined  control  information  to  the  cal- 
culation  data  to  prepare  the  token,  and  transfers  it 
to  the  interface  unit  70  of  the  numeric  calculation 
processor  2'.  The  interface  unit  70  transfers  the 
data  among  the  inputted  token  to  the  data  memory 
71,  decodes  the  control  information,  discriminates 
one  of  calculation  tasks  to  be  executed. 

When  the  calculation  task  relating  to  the  token 
is  monadic  calculation,  the  calculation  task  enters 
the  ready  state  upon  receiving  the  data  input,  but 
in  the  case  of  the  dyadic  calculation,  the  counter- 
part  data  is  first  inputted  to  the  numeric  value 
calculation  processor  2'  and  the  interface  unit  70 
checks  whether  or  not  it  is  transferred  to  the  data 
memory  71.  As  a  result,  if  the  counterpart  data  is 

found  to  have  been  transferred  first  to  the  data 
memory  71  ,  the  calculation  task  is  under  the  ready 
state  and  if  not,  the  input  data  wait  for  the  counter- 
part  data  on  the  data  memory  71  . 

5  When  the  calculation  task  enters  the  ready 
state  by  the  data  input,  the  interface  unit  70  gen- 
erates  the  control  information  designating  the  cal- 
culation  in  the  execution  unit  73  and  the  storage 
address  of  the  data  memory  for  the  calculation 

70  data,  and  transfers  the  information  to  the  ready 
state  task  queue  72. 

The  execution  unit  73  receives  the  control  in- 
formation  from  the  start  of  the  ready  state  task 
queue  72  and  the  calculation  data  from  the  data 

75  memory  71  and  calculates  the  task.  After  the  cal- 
culation  processing  is  complete,  the  execution  unit 
73  outputs  the  calculation  result  to  the  data  transfer 
unit  74  when  the  calculation  result  is  the  final  result 
to  be  delivered  to  the  general  purpose  processor  1  , 

20  or  add  the  control  information  designating  the  next 
calculation  task  which  uses  the  calculation  result  as 
its  input  data,  to  the  calculation  result  and  transfers 
it  to  the  interface  unit  70  when  the  calculation  result 
is  an  intermediate  result  to  the  processing  pro- 

25  gram. 
The  data  transfer  unit  74  may  transfer  the 

calculation  result  to  the  data  memory  3  through  the 
bus  6.  The  DTU  74  may  generate  an  interruption 
signal  upon  receipt  of  the  final  calculation  result  to 

30  inform  the  general  purpose  processor  1  of  the  data 
transfer. 

In  this  manner,  the  data  inputted  from  the  gen- 
eral  purpose  processor  1  moves  on  the  ring  bus  75 
while  waitng  for  the  counterpart  data  on  the  data 

35  memory  71  ,  as  the  calculation  data  of  the  predeter- 
mined  calculation  task,  and  is  calculated  at  the 
execution  unit  73.  The  calculation  result  is  used  as 
the  input  data  for  the  next  calculation  task.  This 
procedure  is  repeated  while  the  data  moves  round 

40  the  ring  bus  75  a  predetermined  number  of  times, 
and  the  final  calculation  result  is  transferred  by  the 
data  transfer  unit  74  to  the  external  data  memory  3. 

In  the  practical  application,  a  plurality  of  cal- 
culation  tasks  formed  by  a  plurality  of  calculation 

45  processing  programs  move  round  the  ring  data  bus 
75  while  waiting  for  the  counter-part  data  on  the 
data  memory  71.  Accordingly,  it  appears  as  if  a 
plurality  of  instructions  were  simultaneously  ex- 
ecuted  in  parallel  with  one  another. 

so  The  operation  of  the  overall  system  of  the 
present  invention  in  the  control  field  will  be  ex- 
plained. 

The  program  memory  4  of  the  general  purpose 
processor  1  stores  the  input/output  processing  pro- 

55  gram  with  the  peripheral  I/O  unit  5,  self-diagnosis 
program  for  fail-safe,  and  so  forth,  and  a  plurality  of 

12 
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calculation  processing  programs  tor  the  asynchro- 
nous  input  data  are  written  into  the  numeric  value 
calculation  processor  2'  in  the  form  of  sequence  of 
the  calculation  tasks. 

When  the  data  or  signals  are  inputted  from  the 
various  sensors  to  the  peripheral  I/O  unit  5  (Fig.  4), 
the  peripheral  I/O  unit  generates  the  processing 
request  to  the  general  purpose  processor  1.  The 
general  purpose  processor  1  accepts  this  request 
and  starts  the  corresponding  processing  routine. 
The  general  purpose  processor  1  receives  the  data 
from  the  peripheral  I/O  unit  5  and  if  this  input  data 
requires  the  calculation  processing  with  the  asyn- 
chronous  input  data  from  other  peripheral  I/O  unit 
5,  the  general  purpose  processor  1  adds  a  pre- 
determined  tag  data  to  the  input  data  and  transfers 
it  to  the  numeric  value  calculation  processor  2'. 
Then,  it  shifts  to  the  next  processing. 

In  this  manner,  the  general  purpose  processor 
1  repeats  the  operations  of  adding  the  predeter- 
mined  tag  data  to  the  input  data  and  transferring  it 
to  the  numeric  value  calculation  processor  2'  in 
conjunction  with  the  calculation  processing  of  the 
asynchronous  input  data,  but  does  not  need  the 
processing  involving  the  overhead  such  as  waiting 
for  the  data  input  of  the  counter-part  calculation. 

On  the  other  hand,  upon  receiving  the  calcula- 
tion  data  from  the  general  purpose  processor  1  ,  the 
numeric  value  calculation  processor  2'  starts  the 
calculation  task  while  waiting  for  the  counter-part 
data  as  described  already,  executes  a  plurality  of 
instructions  in  parallel  with  one  another  and  outputs 
the  final  calculation  result  to  the  data  memory  3. 

At  the  predetermined  data  output  timing  to  the 
peripheral  I/O  unit  5,  the  general  purpose  proces- 
sor  1  reads  out  the  calculation  result  written  by  the 
numerial  calculation  processor  2'  from  the  data 
memory  3  and  outputs  it  to  the  peripheral  I/O  unit 
5. 

In  this  embodiment,  the  general  purpose  pro- 
lessor  1  executes  the  data  input/output  processing 
with  the  peripheral  I/O  unit  5,  the  asynchronous 
nput  data  transfer  to  the  numeric  value  calculation 
Drocessor  and  self-diagnosis  processing  of  the  sys- 
tem,  while  the  numeric-  value  calculation  processor 
?'  executes  the  calculation  processing  of  the  asyn- 
:hronous  input  data.  Thus,  both  processors  employ 
a  clear  function  dispersion  system. 

As  described  above,  the  present  invention  con- 
stitutes  the  function  dispersion  type  dual  -processor 
system  consisting  of  the  general  purpose  proces- 
sor  and  the  numeric  value  calculation  processor  on 
tie  single  semiconductor  chip  and  employs  the 
data  flow  control  system  for  the  numeric  value 
:alculation  processor.  Accordingly,  the  present  in- 
/ention  can  realize  the  single-chip  microcomputer 
which  can  drastically  reduce  the  effective  calcula- 
:ion  time  of  the  numeric  calculation  processing  of 

the  asynchronous  input  data  and  can  make  real 
time  control  in  the  high  end  control  field  without 
using  any  particular  hardwares  for  exclusive  cal- 
culation  purpose. 

5  Furthermore,  since  the  present  invention  con- 
stitutes  the  dual  processor  system  on  the  single 
semiconductor  chip  without  using  any  particular 
hardwares  such  as  a  bus  arbiter,  the  present  inven- 
tion  can  reduce  the  package  area  and  cost  of 

70  production  in  the  application  system  in  comparison 
with  the  conventional  2-chip  dual  processor  sys- 
tem,  and  can  improve  the  system  reliability. 

As  described  above,  the  on-chip  dual  proces- 
sor  system  consisting  of  the  general  purpose  pro- 

75  cessor  and  the  numeric  value  calculation  processor 
in  accordance  with  the  present  invention  provides  a 
microcomputer  system  having  extremely  high  cost 
performance  and  its  practical  utility  is  extremely 
high. 

20 

Claims 

1.  A  single  chip  microcomputer  comprising  a 
25  general  purpose  processor  for  processing  a  re- 

quired  program  formed  on  a  single  semiconductor 
chip  and  a  special  purpose  processor  for  executing 
a  specific  processing  designated  by  said  general 
purpose  processor  formed  on  said  single  semicon- 

30  ductor  chip,  said  special  purpose  processor  being 
a  data  flow  type  processor. 

2.  The  single  chip  microcomputer  as  claimed 
in  claim  1,  wherein  said  special  purpose  processor 
is  used  as  a  co-processor  or  a  slave  processor  of 

?5  said  general  purpose  processor. 
3.  The  single  chip  microcomputer  as  claimed 

in  claim  1  ,  wherein  said  general  purpose  processor 
prepares  a  plurality  of  tokens,  each  of  said  token 
having  a  sequence  control  information  and  a  data 

?o  to  be  processed  by  said  special  purpose  processor 
and  being  supplied  to  said  special  purpose  proces- 
sor. 

4.  The  single  chip  microcomputer  as  claimed 
in  claim  3,  wherein  said  special  purpose  processor 

(5  executes  the  specific  processing  according  to  the 
supplied  tokens  and  at  the  same  time  said  general 
purpose  processor  executes  a  main  routine  of  the 
required  program. 

5.  The  single  chip  microcomputer  as  claimed 
<o  in  claim  3,  wherein  said  general  purpose  processor 

randomly  supplies  said  plurality  of  tokens  into  said 
special  purpose  processor,  said  special  purpose 
processor  handling  random  and  unscheduled  to- 
kens  supplied  thereto  by  using  a  queuing  means. 

5  6.  The  single  chip  microcomputer  as  claimed 
in  claim  5,  wherein  said  general  purpose  processor 
sends  a  first  signal  indicating  token  transfer  to  said 

3 
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special  purpose  processor  together  with  the  token, 
said  special  purpose  processor  receiving  the  token 
therein  according  to  said  first  signal. 

7.  The  microcomputer  as  claimed  in  claim  6, 
wherein  said  special  purpose  processor  activates  a  5 
second  signal  when  it  cannot  receive  the  token, 
said  general  purpose  processor  holding  a  state  of 
the  existing  token  transfer  until  said  second  signal 
is  inactivated. 

8.  The  microcomputer  as  claimed  in  claim  3,  io 
wherein  said  special  purpose  processor  sends  a 
third  signal  requesting  a  data  transfer  to  said  gen- 
eral  purpose  processor  when  the  entered  token  has 
been  processed,  said  general  purpose  processor 
receives  a  result  from  said  special  purpose  proces-  15 
sor  in  response  to  said  third  signal  or  transfers  the 
result  to  a  memory  for  storing  the  result  in  re- 
sponse  to  said  third  signal. 

9.  An  information  processing  apparatus  com- 
prising  a  first  processor  used  as  a  host  processor  20 
and  a  second  processor  of  a  data  flow  type  used 
as  a  co-processor  or  a  slave  processor,  said  sec- 
ond  processor  receiving  a  plurality  of  data  which 
are  randomly  and  serially  transferrea  trom  said  first 
processor  and  executing  a  calculation  operation  for  25 
the  received  data  according  to  the  data  flow  man- 
ner. 

10.  An  information  processing  apparatus  as 
claimed  in  claim  9,  wherein  said  second  processor 
has  a  plurality  of  task  programs  and  executes  the  30 
calculation  operation  according  to  the  task  pro- 
grams. 

11.  An  information  processing  apparatus  com- 
prising  an  interface  unit  receiving  a  token  which 
has  a  sequence  control  information  and  a  data  to  35 
be  processed,  an  address  calculation  unit  coupled 
to  said  interface  unit  and  producing  an  address 
according  to  said  sequence  control  information,  a 

first  memory  coupled  to  said  address  calculation 
unit  and  storing  said  sequence  control  information 
and  said  address,  a  second  memory  coupled  to 
said  address  calculation  unit  and  storing  said  data 
according  to  said  address,  a  sequence  control  unit 
coupled  to  said  first  and  second  memories  and 
accessing  said  second  memory  by  using  said  ad- 
dress  transferred  from  said  first  memory  together 
with  said  sequence  control  information,  and  an 
execution  unit  coupled  to  said  sequence  control 
unit  and  executing  an  arithmetic  ODeration  for  the 
data  accessed  by  said  sequence  control  unit  ac- 
cording  to  an  arithmetic  mode  designated  by  said 
sequence  control  information,  and  a  data  transfer 
unit  outputting  a  result  of  the  arithmetic  operation. 

12.  An  information  processing  apparatus  as 
claimed  in  claim  11,  wherein  said  second  memory 
contains  a  first  storage  area  for  storing  a  source 
data  and  a  second  storage  area  for  storing  a  des- 
tination  data,  said  source  data  and  said  destination 
data  being  used  in  a  dyadic  arithmetic  operation. 

13.  An  information  processing  apparatus  as 
claimed  in  claim  12.  wherein  said  sequence  control 
information  includes  an  indication  code  which  in- 
dicates  the  data  to  be  processed  is  whether  the 
source  data  or  the  destination  data,  the  data  to  be 
processed  being  selectively  stored  in  either  said 
source  data  area  or  said  destination  data  area 
according  to  said  indication  code. 

14.  An  information  processing  apparatus  as 
claimed  in  claim  13,  wherein  the  said  second  mem- 
ory  is  accessed  by  said  sequence  control  unit  or 
said  address  calculation  unit,  both  data  in  said 
source  data  area  and  said  destination  data  area  are 
simultaneously  read  out  of  the  two  areas  only  when 
both  the  source  data  and  the  destination  data  are 
present. 
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